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???? (minor scale)?????? 2?????????????? (tonality)?
???????????????????????? (key)??????????




scale)??????? (harmonic minor scale)??????? (melodic minor scale)
? 3????????????????????????????????? (?
? 3 ? ???? 8
????tonic)??????????????????????C major?B[minor
????????
???????? 3.1?C major?? 3.2?A minor????????????
? 3.1: ?? (???)
? 3.2: ?? (??????)













































? 3 ? ???? 11
? 3.7: C major??????????????
? 3.7?????I??????????? (Tonic chord), IV???????
??????? (SubDominant chord)?V???????????? (Dominant
chord)????I??? T, IV??? SD, V???D????????????























































????????????  = fi1; i2; : : : ; img??????????????
S??????????S = fha1; a2; : : : ; arijai 2 g?????????????
?????? T ??????????????????????? Si?????
?? sidi???? hsidi; Sii???????????
T = fhsid1; S1i; hsid2; S2i; : : : ; hsidn; Snig (4.1)
????? ?????????????????? ???????????
?????????????????? ?????? ??????????
??????  ???????????????? T ??????????
??????????????????????????????? support
???????
supportT () = jfhidi; Sii 2 T j  Sigj (4.2)






jf  SijSi 2 Tgj (4.3)
? 4 ? ???????????????? 15
???2???????r 1 = ha1; : : : ; ar 1i, r = ha1; : : : ; ari?????r 1 
r???????r 1????????? r??????????r 1?? r
?? condence???????




??????????????????0 < i < r, i  r????
confidence(i ! r) =
r 1Y
k=i
confidence(k ! k+1) = support(r)
support(i)
(4.5)
???????????????????????? (?? support?, mini-










????????? s = ha1; a2;    ; ali?????????? a????a1 6=
a; a2; 6= a;    ; aj 1 6= a; aj = a???????? j(1 < j < l)?????????
?????? ha1; a2;    ; aji? s? a???? prex?prefix(s; a)???????
?????????? haj+1;    ; ali? s? a???? postx?postfix(s; a)??
????????j?????????prex, postx????????????
???????? T ??????????????? a???????????
???????????????????????????projected database?
T ja??????
T ja = fhsid; s0ij(hsid; si 2 T ) ^ (s0 = postfix(s; a)) ^ (s0 6= )g (4.6)
???PrexSpan??????????
? 4 ? ???????????????? 16
PrexSpan?????? 
Require: ???????? T , ?? support? 
Ensure: ????????????
1: Call PrefixSpan(hi; T )
2: Procedure PrefixSpan(; T j)
3: Begin
4: B  fbj(s 2 T j; b  s) ^ (supportT j(hbi)  )g . 5????
5: for all b 2 B do
6: (T j)jb fhsid; s0ij(hsid; si 2 T j)^(s0 = postfix(s; b))^(s0 6= )g
















??n(n > 1)????????? (4.2)???? 1???????????? (4.3)
???? n??????????????????????PrexSpan-rel???
(4.3)??????????????????????




































??????? B = fbarg
?????? S = fSTART; ENDg
?????????? sep = f_g
????????????????????? Si??????
Si = hm1; _;m2; _; : : : ;mn; _; START; _; c1; : : : ; cm; _; ENDi (5.1)
???????????????????? S 0i???????????
S 0i = hSTART; _; c1; : : : ; cm; _; END; _;mn; _;mn 1; : : : ; _;m1i (5.2)
????
mi 2 M (5.3)
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5.1.2 ??????
???????????????????????????????????

























? END???????S = fSTART; ENDg??
???????????????????????????????????
????????????????????????????????????
























???? START?????? END????????????? 1??????
5.2 ????????????????
???????????D????????????????????????













2. ???????? support?? ???????????????????










???????????????????????????? S = hc1; : : : ; cmi
????c1?? cm???????????????? cm?? c1???????
????????????





5.1????????????????????? cj = I?????????
????????????????????????????????????
??????????????????? hV; Ii???? fhV; cijc 6= Ig????
hIV; Ii??????????




? 1????????????? //????????????????? ha; //; bi









C M B S sep
?? i0
C
?? ?   ? ? ? ??????
????? //? ?   ? ? ? ??????
M
?? ? ? ? ? ? ???????
????? //? ? ? ? ? ? ??
B
?? ?   ? ? ?
??
????? //? ?   ? ? ?
S
?? ?   ? ? ? ??????
????? //? ?   ? ? ? ??????
sep
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?????????????????????? support?  ????????








???????????????????????? hV; Ii? hV; Ii, hV; bar; Ii,
hV; bar; bar; Ii, hV; bar; bar; : : : ; Ii???????????????????1?
????????????????? hV; bar; : : : ; Ii? hV; //; Ii ???????
???????????????????? support?????????? support
?????????














































????????  = hc1; : : : ; cn; ai????a 2 fV;V=VII;V=II;V0g, c 2
fI; I=III; I=Vg?????????????? c?? 5.3????????????
?????????? support? ?????????????????










? 5 ? ???? 26
? 5.3: ???????????????
c I I=III I=V I0
support(hc1; : : : ; cn;V; ci) 454 20 12 486
support(hc1; : : : ; cn;V=VII; ci) 25 2 0 27
support(hc1; : : : ; cn;V=II; ci) 0 6 0 6














??????????????????? 0???? 1??+? 1???????
??????????
S 0 = hs?tt+i (5.6)
?????????????????????????????



























































???????????????????? (3)?????? (4, 7)??????













??C Major, B[ minor??????????????????????????
????????????????????????????MIDI?????
???????????????MIDI??????????



























?????????? 12?? note?????????????????? n?
? (6.1)???? 12???????????
note = n mod 12 (6.1)
????????????????????????????????????
???????????????????????? 12?????? t????
???? (6.1)??????????????? 12?? note0?
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???????????mk 2 M ???????? condence????????
????????????condence??????????? ???????
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???????????????????? 3???????????????
1. ?????????????? P1 = hIi, P2 = hmk; //; Ii???????
?? P 01 = hI; i, P 02 = hmk; //; I; i? support?????????????
condence???????????????????????? 1?? 3
??????????????P 0i ??? 2?? 4???????????I
??????????????????????????????????
???????????????????????????
2. ?????????????? P1 = hIi? P2 = hI; //;mki???????
?? P 01 = h; Ii, P 02 = h; I; //;mki? support?????????????
condence???????????????????????? 1?? 3














 ??? (hV0; I0i; hV0; Im0i)
 ??? (hV0;VIm0i; hV0; IIIm0i; hV0; IIm0i)
 ??? (hIV0; I0i)
?????????????????????????????????????
??????? hV; Ii, hV; Imi? support??????????????????
????????????????????????????????????
?????????????????????????????????????
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? 7.1: ?? support???????????????? (?? 2?? 100??)
? 7.2: ?? support?????????????????? (?? 2?? 100??)
? 7 ? ???? 38
? 7.3: ?? support???????????????? (?? 2?? 4??)
? 7.4: ?? support?????????????????? (?? 2?? 4??)









???????mk??????? hmk; //; Ii???????????????
??? 7.1?????????????????? 5?? 2?????????
??????????????????????????????? condence?
??????????? 7.1????????????????????????










????? 7.3????????????????????? 5?? 2????
????????????????????????????????????
condence???????????? 7.3??????????????????
??????????????? 7.4???????s = support(hmki)????







? 7 ? ???? 40
? 7.1: hIi????????????????? condence?????????
??????
mk s 
2? ???? ????? ???
??? ??? 4
408.72 8:25 10 42 hI;VImi 0.52941
1085.30 4:09 10 89 hI;VIm;V6i 0.52941
1189.94 9:52 10 92 hI;VIm;V6; IVM7i 0.52941
?? ??? 4
821.05 6:37 10 118 hI; Isus4i 0.34247
773.45 2:55 10 43 hI; Isus4; Ii 0.24658
619.88 3:54 10 17 hI;V7sus4=II; I=III; IVadd9i 0.10959
?? ?? 4
573.95 3:67 10 71 hI; III=[VIi 0.23214
1294.09 4:71 10 123 hI; III=[VI;VIm7i 0.23214
1075.63 1:46 10 74 hI; III=[VI;VIm7;VIm7=Vi 0.23214
?? ?? 4
256.03 1:29 10 17 hI; IIImi 0.40000
756.70 4:24 10 41 hI; IIIm;VImi 0.40000
639.97 3:86 10 19 hI; IIIm;VIm;Vsus4i 0.25000
?? ? 4
299.00 5:57 10 24 hI;V=VIIi 0.26471
759.83 1:64 10 41 hI;V=VII;VIm7i 0.11765
601.60 1:85 10 15 hI; IM9=III; IV; IV=Vi 0.11765
?????
3
279.40 5:08 10 21 hI;Vi 0.28571
???
653.20 3:99 10 28 hI;V;VImi 0.14286
623.96 1:44 10 17 hI;V; IV; Ii 0.09524
?? ?? 3
261.54 2:09 10 18 hI;VImi 0.48485
806.53 2:50 10 55 hI;VIm;Vi 0.22727
906.74 8:62 10 51 hI;VIm;V; IVi 0.22727
??? 3
490.78 4:11 10 56 hI; IVM7i 0.33333
1034.77 3:14 10 81 hI; IVM7;Vi 0.33333
823.89 4:92 10 40 hI; IVM7;V; IIIm7i 0.33333
?? ?? 3
203.76 1:28 10 10 hI;V=VIIi 0.31818
757.90 2:95 10 41 hI; Iadd9; Ii 0.10227
657.95 5:87 10 21 hI;V=VII;VIm7;VIm7=Vi 0.09091
?? ?? 3
258.09 6:55 10 18 hI;V=VIIi 0.21154
609.06 4:67 10 23 hI;Vsus4; IVM9i 0.15385
735.24 2:27 10 29 hI;Vsus4; IVM9;Vsus4i 0.15385
?? -
- - hI;V=VIIi 0.12227
- - hI;V=VII;VIm7i 0.04748
- - hI;[VII; IV; Ii 0.02059
? 7 ? ???? 41
? 7.2: hIi????????????????? condence??????????
??????
mk s 
2? ???? ????? ???
J.Pop 113
235.45 9:53 10 15 hI;V=VIIi 0.14426
426.17 2:63 10 6 hI;V=VII;VIm7i 0.05713
409.31 1:72 10 2 hI;V=VII;VIm7; I=Vi 0.01673
Rock 9
280.44 3:55 10 21 hI;Vi 0.27309
563.05 3:94 10 18 hI;V; Ii 0.23214
591.25 1:62 10 14 hI;V; IV; I=IIIi 0.06024
Pops???? 7
307.72 2:53 10 25 hI; IVi 0.14516
629.91 2:06 10 25 hI; IV; Ii 0.12903
645.38 1:11 10 19 hI;VIm7; IV;Vi 0.06452
?? -
- - hI;V=VIIi 0.12227
- - hI;V=VII;VIm7i 0.04748
















???2 = 0:00??????????? 0.00????????????????
?????????????????????????????????????
??????????????D?????????????????????
? 7 ? ???? 42
? 7.3: hIi??????????????? condence???????????
????
mk s 
2? ???? ????? ???
??? ??? 4
353.14 1:10 10 38 hIIm7; Ii 0.52941
1118.94 2:51 10 121 hVIm; IIm7; Ii 0.52941
1048.73 4:65 10 77 hIV;VIm; IIm7; Ii 0.52941
?? ??? 4
554.86 1:17 10 75 hIsus4; Ii 0.34247
754.59 1:50 10 60 hI; Isus4; Ii 0.24658
538.59 8:26 10 13 hI=III;V7sus4=II;V7sus4; Ii 0.34247
?? ?? 4
85.09 1:39 10 1 hV; Ii 0.73214
399.15 6:50 10 13 hIV;V; Ii 0.37500
1065.13 1:55 10 79 hVIm7=V;V; Ii 0.37500
?? ?? 4
83.77 1:62 10 1 hV; Ii 0.40000
272.60 6:19 10 3 hVsus4;V; Ii 0.35000
496.66 2:58 10 9 hVIm;Vsus4;V; Ii 0.30000
?? ? 4
126.32 8:04 10 5 hV; Ii 0.29412
412.00 3:07 10 14 hVsus4;V; Ii 0.22059
536.42 1:34 10 12 hIIm7;Vsus4;V; Ii 0.11765
?????
3
250.40 1:47 10 21 hIV; Ii 0.32143
???
575.52 2:95 10 34 hIIIm; IV; Ii 0.32143
636.57 1:97 10 22 hVIm; IIIm; IV; Ii 0.09524
?? ?? 3
52.11 9:63 10 1 hV; Ii 0.66667
220.26 4:26 10 1 hIV;V; Ii 0.54545
652.73 3:42 10 24 hV; IV;V; Ii 0.24242
??? 3
34.58 1:00 hV; Ii 1.00000
412.45 2:76 10 14 hIVM7;V; Ii 0.66667
1017.35 2:27 10 72 hVIm7; IVM7;V; Ii 0.66667
?? ?? 3
326.08 5:16 10 34 hIV; Ii 0.29545
643.11 8:92 10 44 hI; Iadd9; Ii 0.10227
633.96 3:76 10 22 hVIm7;VIm7=V; IV; Ii 0.09091
?? ?? 3
164.88 3:03 10 9 hV; Ii 0.28846
407.29 9:51 10 14 hIVadd9;V; Ii 0.17308
657.80 9:40 10 25 hVsus4; IVadd9;V; Ii 0.28846
?? -
- - hV; Ii 0.33908
- - hIV;V; Ii 0.14286
- - hVIm; IV;V; Ii 0.02311
? 7 ? ???? 43
? 7.4: hIi??????????????? condence????????????
????
mk s 
2? ???? ????? ???
J.Pop 113
94.56 3:86 10 2 hV; Ii 0.34218
295.70 3:02 10 4 hIV;V; Ii 0.15061
334.99 3:39 10 1 hIIIm; IV;V; Ii 0.02770
Rock 9
295.76 6:68 10 29 hV; Ii 0.36948
476.47 1:65 10 21 hIV;V; Ii 0.12450
511.91 1:58 10 10 hIV; I=III; IIm7; Ii 0.06024
Pops???? 7
238.31 1:12 10 19 hV; Ii 0.27419
403.43 2:38 10 13 hIV;V; Ii 0.14516
559.17 1:19 10 14 hV6; IV;V; Ii 0.06452
?? -
- - hV; Ii 0.33908
- - hIV;V; Ii 0.14286













? 7 ? ???? 44
? 7.5: condence?? 1.00????????????????????????




hIV;VIm; IIm7i 691.55 3:67 10 37
hIV;VIm; IIm7; Ii 723.50 1:07 10 18
?? ??? 4
h[III;[VIIsus4i 163.77 8:78 10 23
h[III;[VIIsus4;[VIIi 173.38 1:92 10 14
h[III;[VIIsus4;[VII;Vm7i 173.38 2:27 10 11
?? ?? 4
hVIm7;VIm7=Vi 193.33 1:97 10 18
hIIIm7=[VI;VIm7;VIm7=Vi 44.43 7:08 10 2
h[Vhdim7; IVM7; IM7; I7i 44.20 1:37 10 1
?? ?? 4
hIVm7(11);Vm7i 0.98 1:00
hIVm7(11);Vm7; Im9i 0.98 1:00
hIVm6; IIIm7;[ IIIdim7; IIm7i 13.13 9:75 10 1
?? ? 4
hIM9=III; IVi 0.00 1:00
h[VIm7;Vm7; I7i 3.27 1:00
h[VIaug;VIm=V;[Vhdim7; IIm9i 5.12 9:99 10 1
???????? 3
hIadd9=III; IVM9i 10.85 2:86 10 1
hII; IV; Ii 40.30 9:91 10 2
hIM7=VII;VIm7; I=V; IVadd9i 0.00 1:00
?? ?? 3
hIII=[VI;VImi 13.16 1:07 10 1
hIII7;VIm;VIm7=Vi 63.43 1:33 10 1
hIII7;VIm;VIm7=V; IVM7i 84.12 7:70 10 2
??? 3
hIIIm7;VImi 33.51 3:94 10 1
hIIIm7;VIm; IVM7i 309.88 4:53 10 23
hIIIm7;VIm; IVM7;Vi 309.88 5:79 10 16
?? ?? 3
hV6; IVi 8.34 7:58 10 1
hII=[V;V; IV=Vi 21.90 9:83 10 1
hII=[V;V; IV=V;Vi 21.90 7:43 10 1
?? ?? 3
hI7; IVM7i 9.17 9:81 10 1
hI7; IVM7;Vi 68.94 3:14 10 1
hIII7=[VI;VIm; IIm7; IIm7=Vi 24.18 9:48 10 1
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7.4 ???????????????????
?? support?? 10????????????????? support?????
??????? hV0; I0i??????????? 7.6?hV0; Im0i?????????
?? 7.7???? hV0;VIm0i??????????? 7.8?hV0; IIIm0i, hV0; IIm0i?
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? 7.6: ?? support? 10??????? hV0; I0i?????? support?
hV0; I0i:194 hV0; bar; I0i:658 hV0; bar; bar; I0i:20









































hV0; I0i:172 hV0; bar; I0i:457 hV0; bar; bar; I0i:12
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? 7.8: ?? support? 10??????? hV0;VIm0i?????? support?
hV0;VIm0i:25 hV0; bar;VIm0i:264
?? ?? ?? hV0; bar;VIm0i:29
?? ?? ?? hV0; bar;VIm0i:28
John Lennon ?? hV0; bar;VIm0i:27
?? ??? ?? hV0; bar;VIm0i:26
?? ?? ?? hV0; bar;VIm0i:26
?? ?? ?? hV0; bar;VIm0i:13
???????? ?? hV0; bar;VIm0i:13
?? ?? ?? hV0; bar;VIm0i:10
J.Pop ?? hV0; bar;VIm0i:208
Rock ?? hV0; bar;VIm0i:32
? 7.9: ?? support? 10??????? hV0; IIIm0i, hV0; IIm0i?????? sup-
port?
hV0; bar; IIIm0i:17 hV0; bar; IIm0i:14
J.Pop hV0; bar; IIIm0i:10 ??
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? 7.10: ?? support? 10????????????? support?
hIV0; I0i:290 hIV0; bar; I0i:208 hIV0; bar; bar; I0i:10
Enya ?? hIV0; bar; I0i:43 ??
BEGIN hIV0; I0i:34 ?? ??
John Lennon hIV0; I0i:33 ?? ??
???????? ?? hIV0; bar; I0i:24 ??
?? ?? hIV0; I0i:23 ?? ??
?? ??? hIV0; I0i:22 ?? ??
?? ? ?? hIV0; bar; I0i:21 ??
?? ?? hIV0; I0i:14 ?? ??
Richard Carpenter ?? hIV0; bar; I0i:14 ??
?? ?? hIV0; I0i:13 ?? ??
J.Pop hIV0; I0i:214 hIV0; bar; I0i:126 ??
Rock hIV0; I0i:47 ?? ??
Pops???? ?? hIV0; bar; I0i:21 ??
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7.5 ??????????????????
??????? START????????????? END???????????
?????????????????? support??????? 7.11?? 7.12?
????????????????????????????????????
??????????????????????????????
? 7.11: ?????????????????????? support?
???????? ????????
?????? support ?????? support
hI;V=VIIi 230 hSTART; //; I;V=VIIi 7
hbar; I;V=VIIi 200 hSTART; //; bar; I;V=VIIi 7
hbar; bar; I;V=VIIi 15 hSTART; //; bar; bar; I;V=VIIi 5
hI; bar; IV=Ii 22 hSTART; //; I; bar; IV=Ii 3
hI; bar;Vi 135 hSTART; //; I; bar;Vi 3
? 7.12: ?????????????????????? support?
???????? ????????
?????? support ?????? support
hV; bar; Ii 613 hV; bar; I; //; ENDi 12
hV; bar; I; bari 302 hV; bar; I; bar; //; ENDi 11
hV; bar; I; bar; bari 77 hV; bar; I; bar; bar; //; ENDi 8
hIsus4; bar; Ii 53 hIsus4; bar; I; //; ENDi 7
hIsus4; bar; I; bari 22 hIsus4; bar; I; bar; //; ENDi 7
hIIm7=V; bar; Ii 65 hIIm7=V; bar; I; //; ENDi 4
hIIm7=V; bar; I; bari 30 hIIm7=V; bar; I; bar; //; ENDi 3
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